Landscape dynamics is a geoecological characteristic that defines changes in a landscape spatial structure and function during an established time scale. In this kind of analysis, geoprocessing is an essential tool, because it combines several technologies that help in this work. However, the majority of landscape dynamic investigations do not consider the dimensionality of the data and the information to be used, which is projected not measured from modeled (real) surface observations, and presents underestimated results, mainly in irregular relief landscapes. Considering that, this paper intends to assess the difference between observations on modeled and planimetric surfaces on the interpretation of landscape dynamics. The study was conducted in the massif of Tijuca, Rio de Janeiro (Brazil) using land use and soil cover maps of different times and a digital elevation models (DEM) generated based on a triangular irregular. The results show an increase of dynamic areas values when observations were carried out on modeled surface, as well as the deforestation rate (17.57% or 0.13 km 2 /year). This survey showed higher values in comparison with observations on planimetric surface, characterizing more realistic interpretations of how the structural elements and analyses made from these are structured in the landscape.
Introduction
Landscape analysis is an important geographical theme. Its dynamics can be evaluated as a geoecological characteristic that defines changes in the structure and functionality of a landscape in a particular time scale. This characteristic gains great importance as it shows the landscape as a historical product; in other words, a product of the time which regulates the occurrence of new arrangements of the biotic, non-biotic, and human elements and functions that this landscape takes in the face of new structures ( [1] Huggett, 1995) . The analysis of this characteristic is important because it shows, within a period of time, the behavior of the changes if the landscape, which can be used to generate predictions of the structure of that landscape and, consequently, its functionality ( [2] Turner, 1989 and [3] Forman, 1995) .
For the analysis of this geoecological characteristic, some authors, e.g. [4] Risser et al. (1984) , [5] Navehand Lieberman (1984), [6] Forman andGodron (1986), [7] Haines-Yong et al. (1993) , [8] Aspinall (1999) , [9] Coelho Netto et al. (2007) , [10] Guofanand Wu (2008) , claim that the use of geoprocessing techniques is indispensable. However, a series of questions about the use of geoprocessing techniques must be thoroughly evaluated in order to avoid problems in the results achieved. This is where the scientific research becomes so important. These questions are basically consequences of the construction of computer representations of reality, in other words, a conceptual model that seeks to portray the landscape to be studied. One of these questions is the non-consideration of the dimensionality of the data and information to be worked with, which are actually assessed by the observation of their planimetric (projected) surface and not on the modeled (real) surface, which may mask the interpretation of the structure, dynamics and functionality of the geoecological elements, especially in landscapes with a rough relief.
Even having a range of options to work with the dimensionality of the elements of a landscape, such as the use of digital elevation models (DEM) ( [11] Wilson and Gallant 2000), geoprocessing has a limitation established by the non-consideration of the irregularity of the area to be examined. In this sense, even when working with 3D data, the area is not taken into account as being continuous and endowed with relief, so measurements of area and distance of the elements that make up the landscape may be underestimated, particularly in areas with a rough relief ( [12] The reading of the structure of the landscape on the modeled surface unveils different values from the reading on the planimetric surface, which will certainly influence the analysis of its functionality and dynamics. Depending on the placement of the analyzed structure in the landscape, that difference can achieve very meaningful values, such as the rocky outcrops that occur in high slope areas (Figure 1) .
In seeking to interpret the variation of observations on modeled and planimetric surfaces in the analysis of the dynamics of a landscape, an assessment of that variation was drawn up in two maps of land use and soil cover from two different seasons (1972 and 1996) and in the analytic-integrative outcome of the forestry dynamics derived from the combination of these two maps of structural and functional elements. The area used for the study is the massif of Tijuca (Rio de Janeiro-Brazil).
This massif belongs to the coastal range of the state of Rio de Janeiro and is located in the eastern portion of the municipality of Rio de Janeiro (Brazil). Its geomorphologic feature has a very rugged topography, where the analysis of observations on the modeled surface is quite relevant. In Figure 2 it is possible to see how the altitude and slope increases toward the edges of the central part of the massif. It is important to note that, this characteristic has a direct influence on the analysis proposed.
The massif of Tijuca is a geomorphologic unit that, along with the massif of PedraBranca and Gericino- Medanha, composes the coastal massif compartment of the city of Rio de Janeiro. This massif has an area of approximately 119.2 km 2 , delimited above the quota of 40 meters, occupying an eastern portion of Rio de Janeiro/ RJ, between the parallels 22˚55'S -23˚00'S; and the meridians 43˚20' W -43˚10'W (Figure 3) .
Other characteristic of this geomorphologic unit is your importance on the process of expansion and occupation of the Rio de Janeiro city, because it is one of the large buoys, along with the sea, of this process. In general, the massif of Tijuca is found to be quite altered because of the degregadation experienced over time, through transformational inputs such as deforestation, fires and disordered urban occupation. In this sense, it is important to do an evaluation of the consideration of the tridimensionality of the elements that compose this landscape to effectively know its degree of transformation.
Data and Methods
The development of the work is divided into three stages: Preparation of the elements for the geoecological analyses; application of the routine to obtain observations on the modeled surface; and final evaluation (Figure 4 ).
Preparation of the Elements for the Geoecological Analyses
This step is the preparation of all mappings used (base mapping, maps of structural and functional elements, and maps of the analytic-integrative outcome) and the DEM used to obtain the observations on the modeled surface. The base mapping used was that from the Pereira Passos Institute in Rio de Janeiro at scale 1:10,000 and projected coordinate system UTM zone 23S, South American 1969 datum. From this base, all maps of the structural and functional elements (land use and soil cover 1972-1996), analytic-integrative outcome (forestry dynamics) and the DEM were built. It is important to note that the area of massif of Tijuca was defined by the contour line of 40 meters from the cartographic basis used.
The maps of land use and soil cover were compiled from [15] GEOHECO-SMAC-RJ (2000) and adjusted to the base mapping used. All the maps were produced through photointerpretation at scale 1:10,000. The dynamics of the forest cover is the result of the combination of maps of land use and soil cover from those two years of analysis, following the analyticalintegrative method ( [15] GEOHECO-SMAC-RJ 2000). This map was classified into three categories (retraction, preservation and non-forested area within the period of analysis), which gave conditions to assess the retraction and preservation of forest areas in the massif of Tijuca.
The DEM was generated based on a triangular irregular network using Delaunay triangulation and linear adjustment interpolation. (2005) in the comparison of different methods of generating DEM to obtain observations on the modeled surface of the massif of Tijuca. The model had, as entry data, the topographic information (index and intermediates contour lines, spot heights and altitude of trig points) belonging to the generated topographic base. Other types of fundamental data seeking for better refinement, watershed and drainage were also used in the generation of the model.
Routine Implementation to Obtain Observations on Modeled Surfaces
This routine is described by [17] Fernandes (2004) and was used in the quantification of the classes of maps of land use and soil cover and the map of forestry dynamics in order to compare the values of area on modeled and planimetric surfaces of each class generated for the surveys conducted.
Final Evaluation
This step is the evaluation of all comparisons of quantification of areas on the modeled surface and projected surface on the maps generated. This evaluation was of extreme importance to ascertain to what extent the nonconsideration of modeled surface in geoecological analyses of forestry dynamics in rugged area may mask the results.
Land Use and Soil Cover
In this newly created file, highlight all of the contents and import your prepared text file. You are now ready to style your paper. The maps of structural and functional elements of land use and soil cover (1972 and 1996) , compiled from [15] GEOHECO-SMAC-RJ (2000) and adjusted to MT_10.000_IPP cartographic basis, have suffered a generalization following the analytical-integrative method, in order to decrease the number of classes to be examined, from 13 classes to 7. It is important to note that this paper's objective is not to make an analysis of the land use and soil cover and its dynamics in the massif of Tijuca, but rather to understand the differences of analyses undertaken when the observations are on the modeled surface. The maps of land use and soil cover from 1972 and 1996, already with the classes merged, are shown in Figures 5 and 6 , respectively. On the Figures 7 and 8 it is possible to notice that for all the classes in both periods, as was expected, the value of the surface area was larger than the planimetric surface. The class of land use and soil cover which demonstrated the biggest difference between the two periods analyzed was the forested area, with differences of 10.67 km 2 in 1972 and 7.62 km 2 in 1996. This characteristic is due to greater expressiveness of occurrence of such use in the two periods and the location of these areas, which are concentrated in the areas with higher and steeper massif of Tijuca slopes.
The decrease in the area of coverage of this class from one period to another also determines the decrease of the difference of observation on the modeled surface to planimetric. It is not bigger just because the process of forest retraction occurs at the edges of the large forested area fragment of the massif, which is an area of lesser slope in relation to the most preserved area of this fragment. In 1972, the greatest difference found in the individual analysis of polygons occurred in a fragment of forested area, which in 1996 already appears entirely fragmented. Still, the most considerable variation of the observations occurs precisely in one of these fragments (4 km 2 ). The two classes with smaller differences when comparing modeled surface and planimetric surface were those of exposed soil and crops. In the year 1972, the class of exposed soil had the smallest difference, around 0.13 km 2 . In 1996, the class of crops presented the smallest variation, around 0.04 km 2 , outnumbering the exposed soil. This behavior occurs because as one can find represented in the map of 1996, landslides had occurred that year, which, by spreading down from high areas with a steep slope to lower areas, enhanced the difference on modeled and planimetric surfaces observations.
By assessing the percentage of variation of the observations on modeled and planimetric surfaces in the two years (Figures 7 and 8) , we can realize that the rock and rocky outcrop areas stand out, as one of the structures grouped in that class, rocky outcrop, often occurs in areas of steep slope. Therefore, its representation in a planimetric surface presents large losses in relation to a modeled surface, followed by forested area in 1972. In 1996, the second largest loss can be noticed in the exposed soil, in light of the mapping of landslides, which occurred in that year and already mentioned above.
Landscape Dynamic
The landscape dynamic, the result of the combination of land use and soil cover from 1972 to 1996, also revealed sensitive differences. Thirty-two classes of dynamics of use were generated, which total values of planimetric area, modeled surface, percentage of the difference between the two observations and area in kilometers of that difference have been reviewed. Some of these classes showed no change, which means that some fragments remained as the same use in 1972 and 1996. Specifically, one of these classes-rocks/rocky outcrop and rocks/rocky outcrop, or in other words, the fragments that were rocky outcrop and rocks in 1972 and remained as rocky outcrop and rocks in 1996, showed a greater percentage of variation between the two observations. Again, the spatial location of rock outcrops was crucial to that result. The class forested area/forested area, or forested area in 1972 that remained with the same use in 1996, was presented as the greatest difference in area out of the two observations (7.62 km 2 ). Regarding the classes that showed some change, the classes of transformation of forested area to bush, grass and urban areas have been highlighted with differences in observation of 1.78 km 2 (19.43%), 0.59 (16.53%) and 0.52 (12.44%) respectively. These classes represent some of what reflects the process of retraction of the massif of Tijuca. The differences found may mask an assessment of the forestry dynamics of this landscape. In order to make this assessment, an agglutination of classes was prepared, which were evaluated taking into consideration the two types of observations. The classes created were the forest retraction (wooded areas in 1972 that had another use in 1996), preservation (forest areas in 1972 that continued as forest in 1996) and non-forested area (nonwooded areas in 1972 which remained as non-wooded in 1996) (Figure 9) . By assessing Figure 10 , which shows the differences in kilometers and percentage of observations on modeled and planimetric surfaces for the classes of forestry dynamics it is possible to point out the increase in the areas of classes observed on the modeled surface. The differences range from 3.05 km 2 at the class retraction to 9.02 km 2 of the class of non-forested area. In percentage terms, differences were more significant in the classes of preservation (17.69%) and retraction (17.10%).
These differences are linked to spatial distribution of these classes, because the areas of preservation are located at the higher and rugged parts of the massif, followed by the retraction areas that are in the intermediate zones and non-forested area, which are located in zones of lower altitude and are less rugged. This framework characterizes the process of forestry dynamics of the massif of Tijuca, which is directed from the lowest to the highest areas. Lowest areas have smaller slope values than the highest areas, and this slope behavior has a strong relationship with the mean difference of observations on modeled and planimetric surfaces, as can be seen in Figure 11 .
Based on the values of forest retraction, a rate of forest retraction on modeled and planimetric surfaces was created, which was obtained from the relationship of the area of forest retraction on modeled and planimetric surfaces by the number of years of analysis. These rates also had different values when taken from different views thus increasing the forest retraction rate of 0.74 km 2 per year on the planimetric surface to the forest retraction rate of 0.87 km 2 per year on the modeled surface, which means a difference of 17.57% (Figure 12 ). This difference tends to be greater over time because the retraction is heading towards higher parts, where the difference of observation on the modeled surface is greater in relation to planimetric surface.
Given the above, it is clear that there is a need for in- terpretation of the observations on the modeled surface, which brings a more accurate reading of the structure and landscape dynamic in question. So it may be noted that, for example, the rate of forest loss in the massif of Tijuca is more pronounced than when the adoption of the planimetric surface is analyzed.
It is important to note that the methodology to obtain observations on the modeled surface must still undergo further scientific research, seeking further to improve remarks proposals. One of these is the discussion about the type of digital elevation model to be used, which should be evaluated according to the area, available data and scale of analysis assumed.
Conclusions
In the geoecological evaluation that was performed in this work, a significant difference in the use of observations on the modeled surface was found. This type of survey showed higher values in comparison with observations on the planimetric surface, thus characterizing closer interpretations of how the structural and functional elements and analyses made from these are structured in the landscape. Thus, taking into consideration the irregularities raised by the morphology of surface, the observations of a landscape can no longer be underestimated when considering the modeled surface observation and can show a different reality if compared with the most usual measurements on the planimetric surface. However, it is important to underline that the use of observations on the modeled surface is very relevant in areas of rugged topography, which do not occur in areas with a nonrugged relief. It also emphasized that the use of observations on the modeled surface is not exclusive to geoecological analyses and should also be applied in other areas of knowledge. Therefore, the search to provide subsidies in order to improve the representation of the general conceptual models in geoprocessing reflects the discreet and limited capacity of this representation in computer systems.
The main focus of this article was to show the importance of observation on the modeled surface for geoecological analysis. However, it is important that the work of landscape dynamics in the massif of Tijuca is being continued with more recent maps of land use and soil cover, such as mapping the years 1999, 2004 and 2010.
